Abstract. Cancer stem cells (CSCs), which have a close connection with tumor microenvironment, play a pivotal role in tumorigenesis, tumor progression, and metastasis. The inflammatory microenvironment is an essential component of tumor microenvironment. In the recent years, many studies have demonstrated that the inflammatory microenvironment induces the initiation of tumors, and contributes to the process of the progression of tumors, as well as metastasis. In this review, we summarize the relationship between CSCs and inflammatory components, such as inflammatory cytokines (IFNs, TNF, IL-6, IL-17) and inflammatory cells (myeloid-derived suppressor cells, tumor-associated macrophages). To illuminate the key factors that exert important actions in the tumor process would be important to improve the clinical outcome of the treatment for different types of
Introduction
Cancer stem cells (CSCs), which was first reported by Dick and his colleagues in acute myeloid leukemia (AML) (1) , have been identified in many solid tumors. It is extensively accepted the importance of CSCs in tumorigenesis, tumor progression, metastasis and relapse. CSCs are capable of preserving cancer heterogeneity through reserving self-renewal and differentiation abilities. In addition, CSCs activate the resistance mechanisms, including downregulation of replication, expression of drug export systems, epithelial-to-mesenchymal transition (EMT) and enhanced resistance to hypoxia with induction of angiogenesis and immune escape by reducing tumor specific antigens, while increasing anti-inflammatory cytokines and growth factors (2) . The positioning of stem cells in normal organs has been identified, and it has been suggested that the interaction of microenvironment with stem cells is pivotal for the maintenance of stemness (3) . CSCs may localize at specific niche like stem cells in normal organs (4) . Due to the significance of tumor microenvironment, it is a reasonable strategy to regulate the stem cell niche to inhibit CSC survival. Among the multiple causes of malignant tumor, infection has been considered as a major navigator of inflammation-induced tumorigenesis (5) . It has been accepted that the inflammatory microenvironment is an essential component of CSCs niche. Cancer can be promoted by inflammation, via enhancing proliferative and survival signaling, induction of invasion and metastasis. In this review, we summarize the major molecular and cellular mechanisms that participate in the reciprocal action between CSCs and inflammatory mediators (Figs. 1 and 2; Table I ). The emerging mechanisms of inflammatory factors-induced stemness of CSCs are outlined. A better understanding of the role of the crosstalk between CSCs and inflammatory microenvironment might prospectively lead to more efficient therapies against cancer initiation and progression.
Inflammatory cytokines
Interferons (IFNs) . IFNs are a group of pleiotropic cytokines that participate in multiple biological activities, such as antivirus infection, regulation of cell proliferation and immunological response (6) . They are classically divided among three species:
Interplay between inflammatory tumor microenvironment and cancer stem cells (Review) SHIJIAN (9) , and with self-renewal and pluripotent differentiation abilities, possessing the potential to displace damaged and diseased tissues (10) . There is a closely interaction between the MSCs and the host immune system, the ability to inhibit proinflammatory cytokines of MSCs sets up the foundation for clinical applications in treating autoimmune diseases (11) . In recent years, the MSCs have been proved to accelerate cancer progression in several types of cancer, and the IFNs have been shown to play critical roles in it. Wang et al demonstrated that IFN-γ and TNF-α, as two important representative inflammatory factors, play a crucial role in synergistically inducing MSCs deficiency and eventual MSCs tumorigenesis via the NFκB pathway in OVX-induced osteoporotic mice (12) . Their research indicated that IFN-γ and TNF-α contributes in the MSCs-based tissue regeneration (13) . It is also reported that IFN-γ and TNF-α in the MSCs enhanced tumor cells malignancy, induced EMT of breast cancer cells, and papillary thyroid cancer cells (14, 15) .
Numerous studies have demonstrated that IFNs are closely related to the CSCs, in the tumor cells proliferation, therapy resistance, and metastasis. Schürch, et al gived evidences of that IFN-γ induce proliferation and differentiation of chronic myeloid leukemia stem cells (16) . In pancreatic carcinoma cells, IFN-α up-regulates the expression of CSC markers, promotes the metastasis formation (17) . Yamashina et al revealed that the cancer stem-like cells from chemo-resistant tumors are able to produce IFN-regulated transcription factors, which promote macrophage colony-stimulating factor (M-CSF) production and generate tumorigenic myeloid cells, then facilitate the tumorigenic and stem cell activities of bulk tumors (18) . In glioma stem cells, it is also demonstrated that the IFN-regulated factors promote tumorigenicity, angiogenesis, microglia recruitment and maintain glioma stem cells properties through induction of interleukin 6, C-X-C motif chemokine 1 and C-C motif chemokine 2 (19) . Ojha R and his colleagues reported that in bladder cancer cells, JAK-mediated autophagy regulates stemness and cell survival via IFN-γ (20) . In hepatocellular carcinoma, the researchers demonstrated that the IFN-γ treatment enriched the CD133 + liver CSCs population in vitro and in vivo (21) .
In addition to the above, the IFNs could promote tumor progression via downregulating tumor antigens, facilitating angiogenesis, and maintaining an immunosuppressive tumor microenvironment (22, 23) . The roles of IFNs in malignancies maybe determined by tumor microenvironment, tumor types, and tumor stage and so on, for the two faces of IFNs in cancer, further studies are in great request to provide a promising prospect for IFNs-based treatment.
Tumor necrosis factor (TNF).
TNF superfamily refers to a group of cytokines that can cause cell death, the two main members of the family are TNF-α and TNF-β. Given that TNF-α accounts for 70~95% of TNF biological activities, it can represent the TNF superfamily in general (24) . By virtue of the ability to cause cytolysis of certain tumor cell lines, TNF-α has been utilized as a potential anticancer agent for many years (25) , but with the development of research, emerging evidences suggest that TNF-α is significant in promoting tumor progression, in particular, with CSCs.
TNF-α can induce EMT and increase stemness properties, that is demonstrated in renal cell carcinoma, hypopharyngeal cancer and cholangiocarcinoma cells (26, 27) . Synergized with IFN-γ, TNF-α stimulates MSCs to enhance malignancy of cancer cells, tumorigenesis (12) (13) (14) , and resistance to chemotherapy (28) . Yu et al validated that TNF-α-activated MSCs promote breast cancer metastasis via recruiting CXCR2 + neutrophils (29) , a similar result is reported by Katanov C and his colleague (30) .
In recent studies, it is revealed that TNF-α enhances CSCs phenotype of oral squamous cell carcinoma (OSCC) cells, such as an increase in tumor sphere-formation ability, stem cell associated genes expression, chemo-radioresistance, and tumorigenesis (31) . Besides that, TNF-α upregulates SLUG (a mediator of EMT process) with a dependency on canonical NFκB/HIF1α signaling, then imparts breast cancer cells with stem cell-like features (32) . In melanoma, it is evidenced that after treatment of TNF-α, the self-renewing capacity of stem-like cells is upregulated (33) . The transcription factor Atonal homolog 1 (Atoh1) protein, stabilized by TNF-α, could enrich colon CSCs, and induce high malignant potential (34) . In myeloid leukemia, TNF-α secreted by the CSCs could promote NFκB pathway/p65 pathway and support stem cells survival (35, 36) . Similarly, TNF-α induces NFκB pathway activation to protect colorectal CSCs from death, and induce tumor regression (37) .
For the importance of TNF-α in promoting tumorigenesis and progression, it represents a novel target in tumor prevention and therapy (28) . However, more studies are needed before ideal clinical outcomes can be achieved (38) .
IL-6. IL-6 is one member of the ILs, which acts as both a pro-inflammatory cytokine and an anti-inflammatory myokine (39) . IL-6, also referred to as B-cell stimulatory factor-2 (BSF-2) and IFN β-2, is a cytokine that regulates the immune response but also plays a role in modulating cell growth, differentiation, and survival. It is mainly secreted by T cells, macrophages and fibroblasts. IL-6 belongs to the 'IL-6 type cytokine' family that also includes leukemia inhibitory factor (LIF), IL-11, ciliary neurotrophic factor (CNTF), cardiotrophin-1 (CT-1) and oncostatin M (OSM) (40) . IL-6 mediates its activity by a cell-surface typeⅠcytokine receptor complex, which includes the ligand-binding IL-6Rα chain (IL-6R, CD126), and the signal-transducing component gp130 (CD130) (41) . After interaction with its receptor, IL-6 triggers the IL-6R and gp130 proteins to form a complex, which stimulates distinct pathways to perform its oncogenic consequence, these pathways consist of Janus kinases (JAK)/signal transducer and activator of transcription (STAT), mitogen-activated protein kinase (MAPK) and phosphatidylinositol 3 kinase (PI3K)/protein kinase B (Akt) (42) .
The varying biological functions of IL-6 make it critical in the enhancement or suppression of tumor growth and progress, and it is involved in the proliferation and differentiation of malignant cells and found to be high in serum and tumor tissues of a majority of cancers, including prostate cancer (43) , multiple myeloma (44), renal cell carcinoma (45) and breast cancer (46) . Emerging evidences suggest that the IL-6 levels in the serum are implicated in aggressive tumor growth and response to therapies in many types of cancer, and also could be a prognostic marker for assessing disease stage and disease progression (43) .
To be valid in the protumorigenesis, IL-6 frequently interacts with CSCs, such as moderating CSCs differentiation and maintaining the stemness of cancer cells. In lung cancer cells, IL-6 promotes the self-renewal of CD133 + CSC-like cells, and the IL-6 expressing CD133 + cells have significantly higher expression of EMT-related molecules (lower E-cadherin, higher N-cadherin, vimentin, and TWIST), as well as higher expression of metastasis-related molecules [MMP9, transforming growth factor (TGF)-β1] than IL-6 knocked down CD133 + cells (47) . In subsequent study, it is reported that IL-6 signaling induces DNA repair while preventing CD133 + CSC-like cells from apoptotic death after radiation for lung cancer (44) . Likewise, in cisplatin-resistant lung cancer cells, IL-6 plays an important role in triggering enhanced stemness during cisplatin resistance development, through the upregulation of hypoxia-inducible factors (HIFs) (48) . Liu et al (49) reported the IL-6/JAK2/STAT3 pathway upregulates DNA methyltransferase 1 (DNMT1) and promotes cancer initiation and lung CSCs proliferation by downregulation of p53 and p21 resulting from DNA hypermethylation. By the activation of IL-6/JAK2/STAT3 pathway, MSCs can enhance the capability of tumor initiation in lung cancer cells (50) . Correspondingly, TME and/or tumor cells can impact the function of IL-6. Lu et al (51) revealed that the adipose-derived stem cells (ADSCs) enhance the malignant characteristics of Lewis lung carcinoma cells, including cell growth ability and especially CSC property. Glioma stem cells (GSCs) initiate microglial IL-6 secretion via TLR4 signaling and that IL-6 induces glioma growth by supporting GSCs, and glioma-associated microglia/brain macrophages are the primary source of IL-6 in tumor (52) . By secreting high levels of IL-6, ovarian MSCs (OvMSCs) enhance the proliferation, sphere and colony formation and tumorigenesis of SKOV3 cells (53) . In colorectal cancer (CRC), it is proposed that CD90 + fibroblasts/myofibroblasts may be the major source of IL-6 in T2-T3 CRC tumors, then supports the stemness of tumor cells and mediates the immune adaptive inflammatory response favoring tumor growth (54) . The role of epigenetic control in cancer onset and development has been extensively accepted in recent years, e.g., the IL-6/JAK2/STAT3 pathway upregulates DNA methyltransferase 1 (54), the long non-coding RNAs (lncRNAs) in liver CSCs (LCSCs) mediate the crosstalk between TNF-α/NFκB signaling and autocrine IL-6/STAT3 cascade, then suppressed LCSCs expansion by inhibiting IL-6 transcription and STAT3 activation (55) . In monoclonal gammopathy of undetermined significance (MGUS) and multiple myeloma, the IL-6 production in the bone marrow MSC (BMMSC) is driven by the citrullination of histone H3 (56).
Overall, these evidences suggest that IL-6 is involved in mechanisms of CSCs stemness, and the significance of IL-6 in the crosstalk between tumor and its microenvironment. Therefore, the inhibition of IL-6 may be a useful adjunct to cancer therapy, with a need of targeting this protein to combat cancer. IL-17 binds IL-17R, and then forms a complex to mediate a variety of signaling pathway, such as JNK, Erk1/2, p38, AP-1, JAK/STAT3 and NFκB (58) . By virtue of these pathways, IL-17 induces the production of many other cytokines (such as IL-6, G-CSF, GM-CSF, IL-1β, TGF-β, and TNF-α), chemokines (IL-8, GRO-α, and MCP-1), and prostaglandins (e.g., PGE2) from many cell types, then to play an important part in the initiation and progression of many diseases. As a pivotal factor of tumor microenvironment, IL-17 could facilitate cancer progression, from tumorigenesis, migration, invasion, and metastasis, to adapting the tumor in its ability to confer upon itself both immune evasion, and chemotherapy resistance (59) .
IL-17. IL-17 is
In view of the significance of CSCs in the cancer progression, the interplay between IL-17 and CSCs has aroused great (60) . In this study, they also demonstrated that hypoxia induces Foxp3+Tregs to express IL-17. Consistently, it is revealed that Th17 stemness may be partially controlled by signaling pathways such as hypoxia inducible factor HIF1α, Notch and Bcl (61). Lotti et al (62) reported that IL-17A can contribute to CICs maintenance through IL-17A receptor in CRC, and then promote protumorigenic CICs behavior, as well as contribute to CIC therapeutic resistance. It is also demonstrated that one role of IL-17 in ovarian CD133
+ cancer stem-like cells (CSLCs) is to promote the self-renewal (63) . By IL-17 overexpression, the growth and sphere formation capacities of ovarian CD133 + CSLCs were dramaticlly enhanced. The incentive function of IL-17 might be mediated by the NFκB and p38/MAPK signaling pathway. In human hepatocellular carcinoma (HCC), IL-17E binding to IL-17RB motivates NFκB and JAK/STAT3 pathways to facilitate propagation and self-renewal ability of CSCs, and these beneficial effects could be prevented by specific inhibitors of JAK and NFκB signals (64) . Similarly, by NFκB and STAT3 pathways, IL-17-IL-17R interaction in glioma stem cells (GSCs) induces an autocrine and/or paracrine cytokine feedback loop, that may provide an important signaling pathway for the stemness of GSCs (65) . In addition to that, the upregulation of IL-17 in gastric cancer results in the transformation of quiescent gastric CSCs into invasive gastric CSCs, from invasion, migration to tumor formation ability (66) .
For the significance of the interaction between IL-17 and CSCs, targeting IL-17 may emerge as a feasible novel therapeutic strategy. That clearly demonstrates a need for more research in this area, and the potential application of anti-IL-17 in the overall management will be hopeful.
Inflammatory cells
MDSCs. MDSCs are one of the major cell populations in charge of mediating immune responses, and are a heterogeneous population of cells comprised of macrophages, dendritic cells (DCs) and granulocytes, which expand during tumor progression, autoimmune disease, infection and other pathological conditions, and can efficiently suppress T cell function (67) . The immune cells of MDSCs are from the myeloid lineage (a family of cells that originate from bone marrow stem cells) and are consist of myeloid-cell progenitors and precursors of myeloid cells. Under normal condition, the immature myeloid cells (IMCs) quickly differentiate into mature granulocytes, macrophages or DCs, but in abnormal conditions such as cancer, infectious diseases, trauma or some autoimmune disorders, IMCs differentiate into MDSCs (68) . A number of immune suppressive factors are associated with the immunosuppressive function of MDSCs, including arginase (encoded by ARG1), inducible nitric oxide synthase (iNOS, or NOS 2 ), nitric oxide (NO) and reactive oxygen species (ROS). The signaling pathways activated in MDSCs induced biological process are mainly STAT6, STAT1, and NFκB.
In addition to the immunological functions, non-immunological functions of MDSC also should been illustrated, such as the promotion of tumorigenesis, tumor invasion and metastasis (69) . Given that CSCs are responsible for cancer initiating, progression, metastasis and recurrence, it is reasonable to hypothesize that there are mutual effects between CSCs and MDSCs, and then mounting evidences verify the existence of the relationship. In an early study, the CD44 + cancer stem-like cells are shown to not only more strongly inhibit T-cell proliferation, but also more efficiently induce regulatory T cells (Treg cells) and MDSCs as compared with CD44 -cells (70) . In glioblastoma, it is shown that MDSCs recruited to the tumor microenvironment by CSCs, can promote the survival of CSCs, and also be responsible for the immune-evasive properties. Moreover, the CSCs conditioned media inhibits MDSCs apoptosis and increases arginase 1 (Arg1) production of murine bone marrow derived MDSCs (71) . Based on the known evidence and their experimental findings, Gao et al (72) hypothesize that T cell immunoglobulin mucin-3 (Tim-3), which specifically expresses on Leukemic stem cells (LSCs), is beneficial for LSCs survival and AML progression by promoting expansion of MDSCs and differentiating into tumor-associated macrophages (TAMs) at the leukemia site. In a further study, it is demonstrated that the macrophage migration inhibitory factor (MIF), which was produced at high levels by glioblastoma stem cells, could increase production of the immune-suppressive enzyme Arg1 in MDSCs as a CXCR2-dependent manner (73) . In return, MDSCs could enhance the stemness of CSCs in certain ways. In ovarian carcinoma, MDSCs trigger the expression of miRNA101 in cancer cells, which subsequently repressed the corepressor gene C-terminal binding protein-2 (CtBP2), and CtBP2 directly targets stem cell core genes leading to increased cancer cell stem cells properties and increases metastatic and tumorigenic potential (74) . Panni et al (75) revealed that, depending on the activation of the STAT3 pathway, the pancreatic cancer TME transforms monocytes to monocytic MDSCs (Mo-MDSCs), and these cells enhance the stemness and mesenchymal properties CSCs. In a recent study, it is revealed that MDSCs promote tumor initiation by endowing breast cancer cell stemness as well as repressing T-cell activation, and these effects are depended on the crosstalk between STAT3 and NOTCH pathways in cancer cells (76) .
As a critical member of the tumor microenvironment, MDSCs lead to not only the tumor-associated immunosuppression, but also the CSCs promotion, and could be a prospective target in anti-tumor treatment, but there are still a lot of efforts needed to put in, such as how to identify MDSCs, the mechanism of MDSCs accumulation in TME, and by which means can suppress MDSCs effectively.
Tumor-associated macrophages (TAMs).
TAMs are the macrophages infiltrating in tumor tissue, are the most immune cells in the tumor microenvironment. At first, it is believed that TAMs are able to recognize and eliminate tumor cells by a variety of cytokines, but as the development of research, it is now generally accepted that TAMs play a key role in tumor growth, invasion and migration (77) . TAMs derive from monocytic precursors circulating in the vessels, when there is a tumor exists, monocytes could be recruited into TME, via the chemokines and cytokines secreted by tumor cells, tumor stromal cells, and immune cells, including chemokine (C-C motif) ligand-2 (CCL2), CCL5, Chemokine (C-X-C motif) ligand-1 (CXCL1), vascular endothelial growth factor (VEGF), platelet derived growth factor (PDGF), TGF and macrophage colony stimulating factor (M-CSF). Affected by the cells and cytokines, mononuclear phagocytes polarize into different types of TAM. Typically activated M1 macrophages are induced by IFN-γ alone or in cooperation with microbial stimuli (i.e., LPS) or cytokines (i.e., TNF and GM-CSF). On the other hand, IL-4 and IL-13 induce M2 macrophages alternatively (78) . M1 macrophages often show a capability of anti-tumor, such as releasing toxic intermediates and proinflammatory cytokines, inducing specific immune response, and enhancing the antigen presenting. In contrast, M2 macrophages represent as a pro-tumor factor, through suppressing the inflammatory responses, promoting angiogenesis, inducing the invasion and metastasis of tumor. It is accepted that TAMs have functions and phenotype more similar to M2 macrophages, so TAMs are often considered as promoter of tumor progression (79) .
A lot of evidences have clarified that TAMs and CSCs have close contact with each other, and the interaction between them play a critical role in tumorigenesis, progression, invasion, drug resistance and so on (80). Jinushi et al (81) found that TAMs produced amount of Milk-fat globule EGF-8 (MFG-E8) in stimulation with lung CSCs. The MFG-E8 enhanced tumorigenicity and drug resistance in CSCs, by means of the coordinated activation of STAT3 and Sonic Hedgehog signals. Furthermore, MFG-E8 and IL-6 from TAMs could synergistically mediate tumorigenesis and drug resistance within CSC. In breast cancer, it is reported that after the cocultivation of M2 macrophages and breast cancer cell lines MCF-7, hybrids can be isolated from the fusion, and they represent a more invasive phenotype, including increased migration, aggression and tumorigenicity, which implicated the role of TAMs in promoting CSCs (82) . Additionally, by releasing high levels of TGF-β1, TAMs promote the invasion of glioma stem-like cells (GSLCs) and increase the production of MMP-9, then induce EMT (83) . The role of TGF-β1/EMT is also revealed in hepatocellular carcinoma (84) . Likewise, the importance of EGFR/Stat3/Sox-2 and IL-6/STAT3 signaling pathway in regulating CSCs also shows up in breast cancer and hepatocellular carcinoma (85) (86) (87) .
Through the way of interaction, CSCs could recruit TAMs to promote tumor growth. It is demonstrated that the CD34 − melanoma tumor-initiating cells (TICs) interact specifically with M2 macrophages, then support their resistance to chemotherapeutic drugs and accelerate cancer progression by TGF-β and arginase pathway (88). Zhou et al (89) and Shi et al (90) found that in Glioblastoma, the periostin (POSTN) preferentially secreted by GSCs could correlates with TAM density in primary GBMs. Silencing POSTN in GSCs can reduce TAM recruitment, inhibit tumor growth, and extend survival of mice bearing GSC-derived xenografts. Furthermore, they revealed that POSTN recruits TAMs via integrin α v β 3 signaling.
For the significance of the relationship between TAMs and CSCs, the coexpression of them could be a meaningful marker to the tumor diagnosis and prognostic, as well as a promising therapy target (91, 92) . We propose that the elimination or re-differentiation of macrophages within the tumor microenvironment could be a significant prong of combination therapies designed to treat malignancies.
Conclusion
Currently, cancer is still one of the biggest threats to human life. Despite of all the efforts have been put in the studies of tumor treatment in recent decades, the survival rate has not apparently been improved. Inflammatory TME mainly show up the promotion of CSCs, but sometimes it also represent as an inhibitory factor to the tumor. The mechanism of the role transformation is still not clear, so furthermore experimental and clinical researches are needed to shed light on the fundamental mechanisms. Given that Inflammatory TME and CSCs are two major barriers to valid cancer therapy, targeting them may provide a promising approach to developing novel treatments.
